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Since the first description of methane-oxidizing bacteria by S6hngen (1906) , numerous investigators have relported studies dealing with microbial oxidation of methane and other gaseous hYdrocarbons. Among the more recent rel)orts are those of Hutton and ZoBell (1949) , Dworkin and Foster (1956) , Strawinski and Brown (1957) , B3rown and Strawinski (1957, 1958) , and Leadbetter and Foster (1958) . Recent reviews of hydrocarbon oxidation by microorganisms have been provided 1y Fuhs (1961) and Foster (1962) .
In most reports dealing with methane-oxidizing bacteria, the descriptions of the organisms involved have been inadequate to afford detailed coml)arison with those described by other investi'rators, and the cultures are not available for coml)arative studies. This rep)ort describes the methods employed in the isolation of three additional strains of methane-dependent organisms, an(d compares them with the organism named Alethanomonas nmethanooxidans bv Brown and Strawinski (1958) .
AIATERIALS AND MIETHODS
Cultures. The cultures emlployed in this study included that of Brown (1958) , and Brown and Strawinski (1958) as described by Strawinski and Brown (1957) , and three isolates of our own obtained from widelv different sources. The Brown strain was isolated from oil field soil neaI B3aton
Rouge, La., and was supp)lied to Us by L. R. Brown . Our isolates were obtained from the followino sources: stiain 11BG, coal-mine water from Wtest Germany; strain Rumen, rumen of cow; and strain soil, oil field soil near Baton Rouge, La.
Mledia. Cultures were routinely prolpagated on the basal salts medium of Jayasuriya (1955) , with methane as the carbon source. Tests to determine the suitability of various carbon and nitrogen compounds for growth were carried out with this basal medium. For coml)arative purposes, some studies were made with the media of Kaserer (1906) , Brown (1958), and M\evius (1953) , and also with the usual bacteriological media.
Agar media were l)relpared by the addition of 2% agar (Difco) to the ap)p)ropriate mineral salts (MIS) solutions.
The hydrocarbon gases employed ('Matheson Co., East Rutherford, N.J.) were of the highest purity commercially available: methane, chemically pure grade, 99.0%,c pure; ethane, 95.0%7; n-propane and n-butane, instrument grade, 99.9%, pure; oxygen, extra-dry grade, 99.6(/c,; and carbon dioxide, bone-dry grade, 99.9%7, pure. The gases were stored in sel)arate containers and were mixed as required in a large graduated cylinder by liquid displacement (Fig. 1) with some modifications in procedu tles of the S6hngen units, hereafter the reactor or culture bottle, and the reservoir, were both filled almost to the 110-ml mark with RESERVOIR the appropriate medium, fitted with connections ( Fig. 2) , and autoclaved at 121 C for 20 min. The openings leading to the air were protected from contamination by cotton filters. After cooling, vacuum was applied to the reactor bottle until the medium from the reservoir filled the reactor; the outlet of the reactor was then closed with a clamp. The gas mixture was introduced through a sterile cotton filter (Fig. 1) into the reactor bottle by a needle inserted CLAMPS AT ABC,& through the rubber hose just below the clamp.
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The gas was allowed to displace the medium to _ 9 0i the 20-ml graduation mark on the reactor bottle, 7 -~t and the units were then allowed to stand at least CO2 1 day to insure that there was no leakage.
d introducing
The inoculum (2.5 ml) was injected into the reactor with a hypodermic syringe. The rubber tube below the clamp was sterilized with Merthiolate, and the needle was inserted through the rubber and down into the inlet tube of the reactor bottle. To insure the removal of all the inoculum from the inlet tube down into the medium, vacuum was applied to the reservoir bottle, and the clamp on the reactor was momentarily released. The vacuum was then disconnected from the reservoir, and the clamp on the reactor was again released until the medium in the reactor reached the 50-ml mark. At this point, the reactor was sealed by placing the clamp on the inlet tube below the needle punctures. All the manipulations were carried out in an inoculating hood. Incubation was at room temperature (28 C) on New Brunswick shakers adjusted to rotate at approximately 180 rev/min.
The inoculated Sohngen units were incubated until gas consumption was nearly complete, as indicated by the volume of medium drawn back into the reactor vessel from the reservoir. Further enrichment was accomplished by several successive transfers into small volumes of medium in 125-ml rectangular bottles, in the following manner. From the enriched cultures in Sohngen units, 5-ml portions were withdrawn, washed three times, and resuspended in 5 ml of sterile phosphate buffer. The small culture bottles which contained 10 ml of sterile MS medium were inocue unit. Left, lated with 0.2 ml of the washed-cell suspension.
The bottles were closed with serum stoppers and flushed with the gas mixture, with one needle res. The bot-used to admit the gas and another to allow the referred to as gas to escape. The bottles were incubated at 28 C Strawinski and 1Brown (1957) and Brown (1958; Fig. 3a GeIrmany, and from the riumen of a fistulated cow. Brown (1958) (Fig. 3d) . However, the long slender filaments observed in H. vulgare by Kingma-Boltjes (1936) were not seen in our cultures.
Another striking morphological feature of these organisms is the common occurrence of the cells in riosettes, resembling the spokes of a wheel (Fig. 3e) . These structures are similar to those obsersved in l grobacterium, Phyllobacterium, Rhizobiunm, and Chromobacterium by various workers (see Kn6sel, 1962 Kn6sel, , 1963 Conn and Fisher (Conn et al., 1957 (Fig.  3f) . The colonies bear some resemlblance to those of 11. vulgare, but the latter are considerably larger and have entire margins. '1The colonies are distinctly different from the commonly associated methanol oxidizers, which are treated in a separate paper (Stocks and McCleskey, 1964) .
In agitated liquid MS methane medium, the organisms ploduce good growth in 4 to 8 days, with moderate turbidity and white sandy sediment. Growth in MIS methanol is less abundant than with methane; the type of growth, however, is essentially the same as with methane. Physiological characteristics. All our strains, regardless of source, utilized methane as the sole carbon source; none of the isolates consumed ethane, n-propane, n-butane, n-hexane, n-heptane, or n-octane. Serology. Serological studies showed that the strain of B3rown and Strawinski (1958) is antigenically relatedl to the strain isolated from the water of a coal mine in West Geimany and to the strain isolated from the rumen of a cow. Interestingly enough, it shows no relationship to our "soil" strain, although both were isolated from soil in the same vicinity. No antigenic relationship was found between the methane oxidizers and the star-forming species of Agrobacteriurn and Rhizobiumi (Table 1) .
Taxonotmiy. T'he methane-oxidizing bacteria described in this paper appear to differ in some important respects from those previously reported. The organism described by Sohngen (Bacillus methanicus) l)roduced a pink pigment and grew on common media. The methane oxidizers of Hutton and ZolBell (1949) and of the earlier workers (AMinz, 1915; Aiyer, 1920; Haseman, 1927; Tausz and Donath, 1930) Foster (1956) and Leadbetter anf( Foster (1958) agree in some details with that of Sohngen (1906);  perhaps Dworkin and Fosteir (1956) wvere correct in attributino the discrepancies to an imp)urity in the culture of S6hngen. I)oubt as to the l)urity of the So1hngen culture was also explressedl by fItnz (1915) . S6hngen (1906) to be considered members of the same genus. The differences are great enough, however, to justify a separate species. Wre therefore accept the name suggested by Brown and Strawinski (1958) , .Methanomnonas methanooxidans. A culture of this species has been deposited with the American Type Culture Collectioni.
